A four-day-old infant was referred for evaluation of a persistent heart murmur. The patient, who was within the normal percentile range for height and weight, was pink, active, and in no distress. Auscultation demonstrated clear lungs, and the precordium was normally active. A high-pitched systolic ejection murmur was heard at the left midsternal border with radiation to the right upper sternal border. Several systolic clicks were noted as well.
tethering of the anterior leaflet of the tricuspid valve. The degree of displacement and tethering is highly variable. WPW syndrome is a common finding in patients with Ebstein's anomaly. 1, 2 Cardiac examination began with imaging in the subcostal window (below the diaphragm angling superiorly), and multiple intracardiac tumors were visualized (Figure 1) . A tumor measuring 10 × 10 mm was visualized and appeared to be attached to the anterior surface of the tricuspid valve, with no impingement on valvular function (Figures 2, 3) .
The largest tumor, measuring 20 × 11 mm, was identified in the left ventricular (LV) cavity, and another tumor, measuring 10 × 9 mm, appeared to be attached to the aortic leaflets, moving with the aortic valve (Figures 3, 4 ). Multiple smaller tumors were noted along the left and right sides of the interventricular septum and on the anterior right ventricular (RV) free wall. The pulsed Doppler pattern adjacent to the tumor at the midventricular level demonstrated mild obstruction, with a late peaking gradient of 14 mm Hg ( Figure  5 ). Color Doppler and continuous Doppler evaluation demonstrated severe left ventricular outflow tract (LVOT) obstruction, with a peak gradient of 70 mm Hg ( Figure 6 ). The mitral valve opened normally, with no evidence of obstruction or insufficiency. There was mild tricuspid valve insufficiency, with estimated right ventricular systolic pressures of approximately 40 mm Hg (measurement includes the assumption of 5 mm Hg for right atrial pressure for newborns). Computed tomography (CT) of the head, a renal sonogram, and an ophthalmology examination were ordered because of the suspicion that the patient may have tuberous sclerosis (TS), for which multiple cardiac rhabdomyomas are a very strong marker. The head CT revealed subependymal nodules consistent with TS. 3 The ependyma is the membrane that lines the cerebral ventricles and the central canal of the spinal cord. The renal sonogram was normal. The ophthalmology examination was not done at that time but could be administered in the near future. With the presence of cardiac rhabdomyomas and CT findings, the diagnosis of TS could be made. Because of the concern for hemodynamic compromise and the increased risk for sudden cardiac death, the cardiologist felt surgical intervention was warranted.
The patient underwent surgery, and a total of four tumors were removed. The surgeon first noted a tumor in the right atrial appendage where he placed the cannulation stitch for the superior vena cava. A right atriotomy was performed to remove a 2.5-cm tumor occupying most of the septal leaflet of the tricuspid valve. The surgeon removed 95% of the tumor from the atrium, leaving a thin-layer tumor that was intertwined with the septal leaflet of the tricuspid valve. The tricuspid valve was competent, and the right atrium was then closed. Next, an aortotomy was performed just above the sinotubular junction (above the aortic valve) on the aorta.
The surgeon found a tumor filling the LVOT and connected to the underside of the left coronary cusp of the aortic valve. Most of the tumor was removed, relieving the LVOT obstruction.
On further inspection down the LVOT, the surgeon noted a small tumor on the ventricular-side anterior leaflet of the mitral valve and removed it with scissors, ensuring that there was no damage to the mitral valve leaflet. Postoperatively, the patient had one episode of supraventricular tachycardia (SVT) at 250 bpm and responded to a bolus dose of adenosine; the SVT did not recur, and WPW was no longer seen. A postoperative 2D echocardiogram demonstrated no LVOT obstruction with a peak gradient of 10 mm Hg, and no significant valvular regurgitation was seen. The large tumor remaining in the LV was not excised because there was very mild obstruction to flow preoperatively and no compromise to ventricular function.
The pathology report confirmed cardiac rhabdomyomas, and genetics were consulted on postoperative day 4. The patient was discharged and has been responding well with good appetite and activity.
On follow-up examination, she had no respiratory distress, feeding difficulties, cyanosis, or other cardiac symptoms. The 2D echocardiogram showed no evidence of residual LVOT obstruction and good LV function. She continued to have a large rhabdomyoma and several smaller ones develop in both 
Discussion
Rhabdomyomas are the most frequent benign tumors presenting in the pediatric age group, accounting for more than half of all cardiac tumors in children, and are closely associated with TS. 3 TS is an autosomal dominant disorder characterized by the development of distinctive benign tumors in multiple organ systems, including skin, brain, heart, lungs, kidney, and liver. 4 It affects 1 in 6000 individuals but is considered to be as frequent as 1 in 6800 in children. Cardiac involvement is relatively common in patients with TS. These tumors are seen at their highest frequency in very young children, with 66% in children younger than age 2 years, but are less common in those between ages 2 and 11 years (26%). The incidence of cardiac rhabdomyomas may increase during puberty, from 12 to 15 years of age (54%). 5 In most patients, however, there is partial (50%) or complete (18%) resolution of cardiac rhabdomyomas during serial follow-up assessment by 2D echocardiography. 5 Clinical findings may not be apparent in asymptomatic patients.
Two-dimensional echocardiography provides a noninvasive tool for diagnosing cardiac rhabdomyomas. The 2D echocardiographic characteristics of cardiac rhabdomyomas include a homogeneous, echo-bright, finely speckled pattern in the cardiac muscle. Rhabdomyomas are usually multiple, ranging in size from several millimeters to several centimeters. They are usually not free floating within the cavity and do not have a tendency for systemic or pulmonary embolization. 6, 7 In contrast, intracardiac thrombi, myxomas, and hemangiomas have echolucent areas due to hemorrhage formation. 6, 7 The most common location is in the ventricular septum, but they may appear anywhere within the heart. Lesions found at the crux of the heart must be followed carefully as they can lead to interference with the conduction system. Though rare, sudden death has been attributed to arrhythmias in pediatric patients of all ages. Various rhythm disturbances have been reported, including sinus bradycardia, atrial and ventricular tachycardias, bundle branch blocks, atrioventricular blocks, and WPW. 6 The rhythm abnormalities in patients with TS are believed to be caused by intramural rhabdomyomas interrupting the conduction pathways and leading to ectopic electrical foci or an accessory electrical circuit producing preexcitation (WPW). 5
Conclusion
Cardiac rhabdomyomas are benign and follow a benign course. The incidence of life-threatening LVOT obstruction or sudden cardiac death is quite uncommon. Two-dimensional echocardiography plays a vital role in evaluating intracardiac masses.
